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1. PURPOSE. Th is  adv i sory  c i r c u l a r  (AC) a l e r t s  t h e  a v i a t i o n  community t o  
t h e  p o t e n t i a l  hazards  of wa te r  i n  a v i a t i o n  f u e l s .  I n  a d d i t i o n ,  i t  o u t l i n e s  
recommended procedures  t o  p reven t ,  d e t e c t ,  and e l i m i n a t e  water  i n  t h e  f u e l  
systems of a i r c r a f t .  

2. BACKGROUND. Water i n  f u e l  con t inues  t o  c o n t r i b u t e  t o  a i r c r a f t  i n c i d e n t s  
and a c c i d e n t s  and, a t  t imes,  f a t a l  acc iden t s .  A v i a t i o n  f u e l  can only  s e r v e  
i t s  u l t i m a t e  purpose i f  i t  i s  d e l i v e r e d  t o  t h e  a i r c r a f t  e n g i n e s ( s )  f r e e  from 
water.  Care and a t t e n t i o n  a r e  necessa ry  t o  keep f u e l  dry  ( f r e e  of wa te r )  
dur ing  t r a n s p o r t a t i o n  from t h e  r e f i n e r y ,  s t o r a g e  a t  a i r p o r t s ,  s t o r a g e  i n  
r e f u e l i n g  equipment, d i spens ing  from r e f u e l i n g  equipment i n t o  t h e  a i r c r a f t ;  
whi le  i n  t h e  t anks  of a n  a i r c r a f t ,  and from t h e  a i r c r a f t  t anks  t o  i t s  
e n g i n e ( s ) .  Accordingly,  i f  a l l  persons  involved i n  f u e l  handl ing w i l l  
a c c e p t  t h e i r  r e s p o n s i b i l i t y  t o  keep f u e l  dry ,  water-in-fuel  i n c i d e n t s  and 
a c c i d e n t s  can be prevented.  

SOURCE OF WATER I N  AVIATION FUEL. 

a. Water can e n t e r  a n  a i r p o r t  f u e l  system through l e a k s  i n  underground 
t a n k s ,  l e a k s  i n  t h e  s e a l s  of such items a s  dome covers ,  f l o a t i n g  r o o f s ,  and 
ha tches  dur ing r a i n  o r  snow s torms,  when equipment i s  being washed, by 
marine o r  s u r f a c e  t r a n s p o r t  equipment d e l i v e r i n g  f u e l  t o  t h e  a i r p o r t ,  and by 
condensat ion and p r e c i p i t a t i o n  of d i s s o l v e d  wate r  i n  f u e l .  

b. Water can e n t e r  an  a i r c r a f t  f u e l  system through l e a k s  i n  t h e  v e n t s ,  
seals, o r  poor ly  f i t t i n g  f u e l  caps  on f i l l e r  openings dur ing r a i n  o r  snow 
s torms o r  when t h e  a i r c r a f t  i s  washed, from r e f u e l i n g  system equipment, by 
condensat ion and p r e c i p i t a t i o n  ( e s p e c i a l l y  when a n  a i r c r a f t  has  p a r t i a l l y  
f i l l e d  t a n k s ) ,  and when r e f u e l i n g  dur ing  r a i n  o r  snow storms. 

4. WATER. Water occurs  i n  a v i a t i o n  f u e l s  i n  two forms: Dissolved and 
f r e e .  - 

a. Dissolved Water. A l l  a v i a t i o n  f u e l s  d i s s o l v e  water  i n  va ry ing  
amounts depending upon t h e  f u e l  composit ion and temperature.  Dissolved 
wate r  i n  f u e l  i s  s i m i l a r  t o  humidity i n  a i r .  

( 1 )  Lowering f u e l  temperatures  w i l l  cause  d i s so lved  wate r  t o  come 
out of s o l u t i o n  a s  f r e e  water  somewhat l i k e  f o g  comes out  of a i r .  The 
c r e a t i o n  of f r e e  water  occurs  a t  a r a t e  of about one p a r t  p e r  m i l l i o n  p e r  
degree  f a h r e n h e i t  ( 1  ppm/deg. F) .  



( 2 )  Dissolved water  i s  not  a problem f o r  a i r c r a f t  o p e r a t i o n  as 
long a s  i t  remains i n  s o l u t i o n .  Dissolved wate r  cannot be removed by 
f i l t r a t i o n  but can become f r e e  water  wi th  temperature  change. Once f r e e ,  it  
can cause  o p e r a t i n g  problems. 

b. F r e e  Water. Any water  i n  excess  of t h a t  which w i l l  d i s s o l v e  i s  c a l l e d  
f r e e  water .  F r e e  wa te r  can  appear e i t h e r  as wate r  s l u g s  ( i n  bulk q u a n t i t i e s )  
o r  as e n t r a i n e d  water.  

(1) Water s l u g s  a r e ,  a s  t h e  name i m p l i e s ,  a r e l a t i v e l y  l a r g e  amount 
of w a t e r  appear ing i n  one body o r  l a y e r .  A water  s l u g  may be a p i n t  o r  less 
o r  may be measured i n  g a l l o n s  depending on t h e  c a p a c i t y  of a f u e l  tank.  

(2 )  Ent ra ined  wate r  i s  suspended i n  t i n y  d r o p l e t s  i n  t h e  f u e l .  
I n d i v i d u a l  d r o p l e t s  may o r  may not  be v i s i b l e  t o  t h e  naked eye,  but  they can 
g i v e  t h e  f u e l  a cloudy o r  hazy appearance depending upon t h e i r  s i z e  and 
q u a n t i t y .  

( 3 )  When a water  s l u g  and f u e l  are v i o l e n t l y  a g i t a t e d  ( f o r  i n s t a n c e  
when p a s s i n g  through a pump), e n t r a i n e d  wate r  r e s u l t s .  En t ra ined  water  w i l l  
s e t t l e  o u t  i n  t ime depending upon t h e  d r o p l e t  s i z e ,  s p e c i f i c  g r a v i t y  and 
v i s c o s i t y  of t h e  f u e l  and c u r r e n t s  w i t h i n  t h e  tank.  For  t h i s  reason,  a wa te r  
haze  may be s e e n  i n  t u r b i n e  f u e l  but  t h e  haze  i s  seldom s e e n  i n  a v i a t i o n  
g a s o l i n e .  En t ra ined  water may a l s o  be formed by t h e  lowering of t h e  
t empera tu re  of a f u e l  s a t u r a t e d  wi th  d i s s o l v e d  water. Furthermore,  e n t r a i n e d  
wate r  d r o p l e t s  can j o i n  t o g e t h e r  t o  form l a r g e  drops o r  s l u g s  of f r e e  water. 

(4 )  A i r c r a f t  eng ines  w i l l  t o l e r a t e  a smal l  amount of f r e e  water (30 
ppm. i s  u s u a l l y  considered t o  be t h e  maximum) i f  i t  i s  i n  a f i n e ,  uniformly 
d i s p e r s e d  s t a t e .  The b e s t  way t o  minimize t h e  amount of water  e n t e r i n g  a 
sys tem i s  through i n s p e c t i o n  and maintenance of equipment and by making 
c e r t a i n  t h a t  on ly  c l e a n  and d ry  f u e l  i s  rece ived  i n t o  s t o r a g e  and d e l i v e r e d  
i n t o  a n  a i r c r a f t .  

5. WATER DETECTION. Water can be d e t e c t e d  i n  many ways. F ree  water ,  l a y i n g  
i n  t h e  bottom of underground s t o r a g e  t anks  can be discovered by t h e  use  of 
wa te r  i n d i c a t o r  p a s t e  sp read  a long t h e  lower end of a gauge s t i c k  o r  t a p e  bob 
(a l low a t  least 30 seconds f o r  t h e  p a s t e  t o  r e a c t ,  a s  i t s  r e a c t i o n  t ime can be 
slowed down by o t h e r  contaminants) .  When t h e  s t i c k  o r  t a p e  bob i s  lowered t o  
t h e  bottom of t h e  s t o r a g e  t ank ,  t h e  p a s t e  w i l l  change c o l o r  i n  t h e  presence of 
water.  The h i g h e s t  p o i n t  of t h e  c o l o r  change i n d i c a t e s  t h e  depth of water 
p resen t .  

a. I n  above ground t a n k s  and equipment, a sample can be drawn i n t o  a 
c o n t a i n e r  and t h e  f r e e  wa te r  a c t u a l l y  observed. A small amount of l i q u i d  
v e g e t a b l e  dye i s  sometimes h e l p f u l  t o  o u t l i n e  t h e  f r e e  water  i n  a sample. 
w i l l  mix w i t h  and c o l o r  t h e  water ,  but i s  i n s o l u b l e  i n  f u e l .  

b. Smal ler  amounts of e n t r a i n e d  wate r  can be d e t e c t e d  by t e s t i n g  wi th  
and d r y  c l e a r  g l a s s  b o t t l e .  I f  f u e l  i s  accep tab ly  dry  i t  w i l l  appear  b r i g h t  w i t h  

It 

a c l e a n  

a f l u o r e s c e n t  appearance and w i l l  no t  be cloudy o r  hazy. The c l e a r  and d ry  b o t t l e  - - 
test i s  known as t h e  "c lean  and b r i g h t "  test. The f u e l  i s  c l e a n  when i t  i s  c l e a r  
and i s  b r i g h t  when i t  i s  dry. The c o n t a i n e r  should be l a r g e  enough t o  p rov ide  f o r  
a test sample of 1 0  ounces o r  more. 
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c. The white bucket test i s  u se fu l  i n  checking f o r  water i n  jet fue l .  Obtain 
an  unchipped, s p o t l e s s l y  c lean ,  white  porce la in ,  enameled, o r  s t a i n l e s s  s t e e l  - -  - - 

bucket (approximately 10 quar t  s i z e ) .  Drain about 4 o r  5 inches of f u e l  from t h e  
sump t o  be t e s t e d  i n t o  t h e  bucket. With a c l ean  mixing paddle, s t i r  t h e  f u e l  i n t o  
a swi r l i ng  "tornado-shaped" cone, remove paddle. A s  swi r l ing  s tops ,  contaminants 
and water w i l l  g a the r  under t h e  vor tex  a t  t h e  cen t e r  of t h e  bucket bottom. Add 
seve ra l  drops of household red  food dye. The dye w i l l  mix with any water i n  t h e  
bottom of t h e  bucket. I f  no water is  presen t ,  t h e  dye w i l l  s e t t l e  i n  t h e  bottom 
of t he  bucket. 

d, Water s e n s i t i v e  papers a r e  a l s o  a v a i l a b l e  t h a t  w i l l  change co lo r  i n  t he  
presence of water, 

e. Water de t ec to r s  s p e c i a l l y  made f o r  determining f r e e  o r  en t ra ined  water i n  
jet f u e l s  are ava i lab le .  When a chemical t e s t  i s  requested by a customer o r  l o c a l  
a u t h o r i t y ,  t h e  Hydro and Aqua-Glo I1 detec tor  k i t s  a r e  recommended. The Hydro K i t  
chemical powder i s  s e n s i t i v e  t o  water concentrat ions down t o  30 ppm. The Aqua-Glo 
I1 K i t  can d e t e c t  l e v e l s  of water a s  low a s  1 ppm. 

6. RESPONSIBILITY FOR DRY FUEL. The r e s p o n s i b i l i t y  f o r  maintaining dry f u e l  
should be recognized a s  a j o i n t  r e s p o n s i b i l i t y  of t h e  a i r c r a f t  manufacturer, 
maintenance personnel who work on an  a i r c r a f t ,  each person who handles t h e  f u e l  
from the  r e f i n e r y  t o  t he  a i r c r a f t ,  and the  p i l o t  who f l y s  t he  a i r c r a f t .  The 
g r e a t e s t  s i n g l e  danger of water i n  f u e l  r e s u l t s  from human e r r o r  t h a t  allows f u e l  
contaminated wi th  water t o  e n t e r  an a i r c r a f t  f u e l  system o r  permits an  a i r c r a f t  t o  
be operated before  i t s  f u e l  system i s  properly checked f o r  water. The p o s s i b i l i t y  
of human e r r o r  can never be el iminated,  but i t  can be minimized through c a r e f u l  
des ign  and maintenance of a i r p o r t  f ue l ing  f a c i l i t i e s  and f u e l  equipment and by 
good opera t ing  procedures, inspec t ions ,  checks, t r a in ing ,  and recur ren t  t r a i n i n g  
of f u e l  handling personnel and f l i g h t  personnel. 

a. Manufacturers provide d e t a i l e d  information i n  t h e  a i r c r a f t  maintenance 
manuals r e l a t e d  t o  a n  a i r c r a f t ' s  f u e l  system. I n  add i t i on ,  t h e  manufacturers 
supply s e r v i c e  information i n  t h e  form of s e rv i ce  l e t t e r s ,  b u l l e t i n s ,  no t ices ,  
e t c . ,  when i t  i s  determined, through se rv i ce  experience, t h a t  i t s  a i r c r a f t  f u e l  
system may be improved by some modif icat ion o r  t h a t  t he  s e rv i ce  l i f e  of i t s  
product may be extended by some p a r t i c u l a r  maintenance o r  repa i r .  Addit ional ly ,  
appropr ia te  Federal  Aviation Administration (FAA) issued a i rwor th iness  d i r e c t i v e s  
should be consul ted t o  determine i f  required changes by some p a r t i c u l a r  
maintenance o r  r e p a i r  a r e  necessary. Such information should be reviewed by 
maintenance personnel,  f u e l  s e rv i c ing  organizat ions,  and e spec i a l l y  t h e  p i l o t s  of 
t h e  a i r c r a f t  t o  a s su re  t h a t  a l l  precaut ions and inspect ions t o  prevent o r  
e l imina t e  water i n  f u e l  a r e  accomplished. 

b. Maintenance personnel should consul t  t h e  manufacturers '  maintenance 
manuals and s e r v i c e  information, and airworthiness  d i r e c t i v e s  r e l a t e d  t o  the  
a i r c r a f t  f u e l  system f o r  t h e  l a t e s t  requirements and information when doing 
maintenance on an  a i r c r a f t  f u e l  system. 
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(1) P a r t i c u l a r  a t t e n t i o n  should be given t o  checks f o r  water  and t o  t h e  
removal of a l l  water  from f u e l  tank sump d r a i n s ,  f u e l  system l i n e  d r a i n s ,  
g a s c o l a t o r s ,  s t r a i n e r s ,  and f i l t e r s  where d r a i n  plugs/caps  a r e  provided t o  check 
and d r a i n  a n  a i r c r a f t  system of water.  Drain  p lugs lcaps  should be removed f o r  
checks and p roper ly  r e i n s t a l l e d .  I f  quick d r a i n s  a r e  no t  i n s t a l l e d  i n  p l a c e s  
r e q u i r e d  by an  a i r w o r t h i n e s s  d i r e c t i v e ,  recommended by t h e  manufacturer ,  o r  a t  
p o i n t s  t h a t  can be checked f r e q u e n t l y ,  such in format ion  should be brought t o  t h e  
a t t e n t i o n  of t h e  owner loperator  f o r  c o r r e c t i v e  a c t i o n .  

( 2 )  For a i r p l a n e s  equipped w i t h  b ladder  type  f u e l  c e l l s ,  t h e  g e n e r a l  
c o n d i t i o n  and s e c u r i t y  of each of t h e  c e l l s  and t h e  i n s t a l l a t i o n  should be 
i n s p e c t e d  t o  a s s u r e  t h a t  t h e  bladder  h a s  not  d e t e r i o r a t e d  o r  loosened from i t s  
mountings. These c o n d i t i o n s  w i l l  cause  w r i n k l e s ,  w e l l s ,  o r  depress ions  t o  form 
where water can accumulate,  avoid  d ra inage ,  and e v e n t u a l l y ,  f i n d  i t s  way t o  t h e  
e n g i n e ( s )  i n  f l i g h t .  

(3)  Fue l  t a n k  f i l l e r  openings and a t tachments  should  be checked f o r  
s e c u r i t y ,  g e n e r a l  c o n d i t i o n ,  and s e a l i n g .  F u e l  tank caps  should be checked f o r  
t h e i r  g e n e r a l  c o n d i t i o n ,  p lus  s e c u r i t y  and proper  s e a l i n g  when i n s t a l l e d .  F u e l  
t a n k  f i l l e r  opening scupper  d r a i n s  should be checked f o r  f r e e  f low t o  prevent  both 
t h e  accumulation of water  i n  t h e  t ank  and t h e  en t rance  of water  i n t o  t h e  f u e l  
system. 

c. F u e l  handl ing personnel  should  have procedures t o  a s s u r e  t h a t  c l e a n  and 
dry f u e l  i s  being d e l i v e r e d  t o  t h e  s t o r a g e  system. Da i ly ,  weekly, monthly, and 
o t h e r  c a l e n d a r  t ime checks should be made on a  con t inu ing  b a s i s  t o  a s s u r e  t h a t  t h e  
f u e l  i n  f i x e d  s t o r a g e  and d i spens ing  u n i t s  and systems i s  f r e e  of wa te r  p r i o r  t o  
d e l i v e r y  t o  an  a i r c r a f t .  Personnel  d i spens ing  f u e l  should be r e c u r r e n t l y  t r a i n e d  
i n  f u e l  handl ing t o  a s s u r e  t h a t  only c l e a n  and d ry  f u e l  i s  dispensed.  

d. F l i g h t  personnel .  The owner/operator of a n  a i r c r a f t  should be i n t i m a t e l y  
f a m i l i a r  w i t h  t h e  f u e l  system of t h e  a i r c r a f t .  Th i s  f a m i l i a r i t y  should i n c l u d e  
t h e  knowledge of t h e  s p e c i f i c  requirements f o r  t h e  p reven t ion ,  d e t e c t i o n ,  and 
e l i m i n a t i o n  of wa te r  i n  t h e  a i r c r a f t  f u e l  system. 

(1 )  The pilot-in-command has  t h e  f i n a l  r e s p o n s i b i l i t y  t o  determine t h a t  
t h e  a i r c r a f t  i s  proper ly  se rv iced .  An important  p a r t  of t h e  p r e f l i g h t  i n s p e c t i o n  
is  t o  d r a i n  a i r c r a f t  f u e l  t ank  sumps, r e s e r v o i r s ,  g a s c o l a t o r s ,  f i l t e r s ,  and o t h e r  
f u e l  system d r a i n s  t o  a s s u r e  t h a t  t h e  f u e l  supply i s  f r e e  of water. A review of 
Na t iona l  T r a n s p o r t a t i o n  S a f e t y  Board B r i e f s  of A i r c r a f t  Accidents invo lv ing  114 
a c c i d e n t s  due t o  f u e l  contaminaton w i t h  water  occur r ing  between January 7 ,  1980, 
and September 11, 1981, showed t h a t  t h e  probable  cause  i n  85 of t h o s e  a c c i d e n t s  
w a s  "Pilot-in-Command - Inadequate  P r e f l i g h t  P r e p a r a t i o n  and /or  Planning." S ince  
wate r  i n  f u e l  accounts  f o r  a  major s h a r e  of f u e l  q u a l i t y  a c c i d e n t s ,  p i l o t s  should 
make i t  a  p r a c t i c e  t o  i n c l u d e  t h i s  check beginning wi th  t h e  next p r e f l i g h t  
i n s p e c t  ion.  

( 2 )  The pilot-in-command should a l s o  be p resen t  dur ing t h e  r e f u e l i n g  
o p e r a t i o n  t o  i n s p e c t  a  sample of t h e  f u e l  from t h e  d i spens ing  u n i t  p r i o r  t o  
f  ;cling t h e  airc;af t . 
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7. WATER REMOVALIPREVENTION. Water i s  best  removed from j e t  f u e l  by passing the  
f u e l  through approved f i l t r a t i o n / s e p a r a t i o n  equipment. A two-hour s e t t l i n g  period 
and t h e  use of f l o a t i n g  suc t ion  t o  d r a i n  f u e l  from t h e  top  of a  s to r age  tank a r e  
a l s o  recommended t o  he lp  prevent water from being introduced i n t o  a  f u e l  system. 
Water w i l l  r e a d i l y  s e t t l e . o u t  of a v i a t i o n  gaso l ine ;  t he re fo re ,  f i l t e r s / s e p a r a t o r s  
a r e  not required f o r  water removal, however, they a r e  necessary f o r  removal of 
s o l i d s .  The bes t  means t o  minimize t h e  amount of water en t e r ing  a  f u e l  system i s  
the  inspec t ion  and proper maintenance of equipment and the  t r a i n i n g  of ground and 
f l i g h t  personnel. 

a. Fixed F a c i l i t i e s .  A thorough knowledge of t h e  cons t ruc t ion ,  func t ion ,  
opera t ion ,  and maintenance of each component of each p iece  of equipment of a  f i xed  
f a c i l i t y  i s  recommended f o r  a l l  personnel respons ib le  f o r  i t s  usage. A p r inc ipa l  
f a c t o r  which minimizes t h e  amount of water introduced i n t o  f i xed  s to rage  i s  
rece iv ing  only dry fue l .  

(1 )  A l l  s t o r age  tank bottoms and f i l t e r l s e p a r a t o r  sumps should be checked 
f o r  water. Accumulations should be removed before  and a f t e r  each r e c e i p t  of f u e l ,  
a f t e r  a  heavy r a i n f a l l ,  snowfal l ,  d a i l y ,  o r  more of t e n  when i n  accordance with t he  
f u e l  d i s t r i b u t o r ' s  i n s t ruc t ions .  

(2)  F i l t e r  elements a r e  required t o  be replaced whenever t h e  d i f f e r e n t i a l  
p ressure  across  t h e  f i l t e r  o r  f i l t e r / s e p a r a t o r  drops below the  minimum spec i f i ed  
by t h e  manufacturer, when no pressure  drop i s  ind ica ted ,  o r  when t h e  calendar  time 
f o r  change i s  due. 

( 3 )  Only t h e  proper maintenance and inspec t ion  of t he  equipment i n  a 
f i xed  f a c i l i t y  can a s su re  t h e  de l ivery  of dry f u e l  t o  t he  r e fue l ing  equipment, 
hydrant,  and/or p i t  system. 

( 4 )  Every poss ib le  precaut ion must be taken t o  prevent contamination of 
tanks and p ip ing  by water. Daily handling procedures should be designed t o  revea l  
any malfunctions of equipment o r  o the r  condi t ions which would i n d i c a t e  maintenance 
i s  necessary. 

( i )  The major items of an opera t iona l  nature  should be checked and 
maintained on a  minimum d a i l y ,  weekly, monthly, and demand bas i s .  

( i i )  Complete and accu ra t e  operat ing logs of a l l  phases of t he  f u e l  
handling system should be developed t o  f i t  t h e  needs of each p a r t i c u l a r  operation. 
E n t r i e s  i n  those l ogs  should not only include the  da i ly ,  weekly, monthly, and 
demand checks, but should a l s o  inc lude  a l l  information per ta in ing  t o  f u e l  r ece ip t ,  
inventory,  and del ivery.  

( 5 )  Refueling from drum s torage  or  cans should be considered as an  
unsa t i s f ac to ry  opera t ion  and one t o  be avoided whenever possible .  A l l  con ta iners  
of t h i s  type should be regarded with suspicion and the  contents  c a r e f u l l y  
inspected,  i d e n t i f i e d ,  and checked f o r  water and o ther  contamination. 

( i )  I f  i t  i s  necessary t o  use t h i s  type of s to r age ,  t h e  drums or 
cans should, i f  p r ac t i cab l e ,  be pro tec ted  from the  sun and weather. A l l  drums 
should be s to red  off  t he  ground and on t h e i r  s i d e s ,  with t h e  bungs below the  
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l i q u i d  l e v e l ,  and i n  such a manner t h a t  they  a r e  v i s i b l e  and a c c e s s i b l e .  
A d d i t i o n a l l y ,  f u e l  i n  t h e  drums o r  cans  should be used according t o  t h e  f u e l i n g  
d e l i v e r y  d a t e  - - o l d e s t  s t o c k  f i r s t .  

( i i )  Only sound c l e a n  drums w i t h  good i n t e r i o r s  should be used. 
Where f u e l  s t o r a g e  i n  drums has  occurred f o r  long p e r i o d s ,  t h e  use  of t h e  f u e l  i s  
q u e s t i o n a b l e  u n l e s s  it  h a s  been t e s t e d  f o r  q u a l i t y .  Bungs should always be 
screwed t i g h t l y  i n t o  empty drums because a n  open bunghole a l lows  hazardous vapors 
t o  escape  from t h e  drum a f t e r  t h e  drum has  been emptied. 

( i i i )  When f u e l i n g  from drums, i t  i s  a d v i s a b l e  t o  use  a 5-micron 
f i l t e r e d  p o r t a b l e  pumping u n i t ,  t h e  b e s t  f i l t e r i n g  equipment a v a i l a b l e  l o c a l l y  o r ,  
as a last  r e s o r t ,  a chamois s k i n  f i l t e r  and f i l t e r  funnel .  

( i v )  Remember r e f u e l i n g  from drums o r  cans  i s  cons idered  t o  be 
u n s a t i s f a c t o r y .  Ex t raord inary  p r e c a u t i o n s  are necessary  t o  e l i m i n a t e  t h e  hazards  
of w a t e r  and o t h e r  contaminants.  

b. Refuel ing Trucks. Tank bottom d r a i n s  a r e  provided t o  a l low t h e  t r u c k  
o p e r a t o r  t o  check f o r  t h e  presence of water.  Avgas f u e l e r s  a r e  provided w i t h  a 
f u e l  f i l t e r  capable  of f i l t r a t i o n  of p a r t i c l e s  about 5 microns i n  s i z e  at  r a t e d  
f low of t h e  f u e l e r .  The f i l t e r s  a r e  equipped w i t h  a bottom drain .  Turbine ( j e t )  
r e f u e l e r s  are provided w i t h  a f i l t e r / s e p a r a t o r  capable  of removing f r e e  water.  
The f i l t e r  i s  equipped w i t h  a manual bottom dra in .  Although t h e  f i l t e r  i s  no t  
equipped w i t h  a n  au tomat ic  water  d r a i n ,  i t  i s  equipped wi th  an  au tomat ic  s h u t o f f  
dev ice  t o  s t o p  t h e  f low of f u e l  i n  t h e  event  excess ive  amounts of wa te r  are 
removed from t h e  f u e l .  

( 1 )  A l l  t ank  and f i l t e r  bottom d r a i n s  should be checked f o r  water.  
Accumulations should be removed a f t e r  each re load ing ,  a f t e r  washing of t h e  
equipment, a f t e r  a heavy r a i n  o r  snow storm, and/or  d a i l y ,  o r  more o f t e n  when i n  
accordance wi th  t h e  f u e l  d i s t r i b u t o r ' s  i n s t r u c t i o n s .  

( 2 )  I n s p e c t i o n  and maintenance of t r u c k  f i l t e r s  and f i l t e r s l s e p a r a t o r s  
a r e  similar t o  those  desc r ibed  f o r  f i x e d  f a c i l i t i e s  i n  paragraph 7 ( a ) ( 2 ) .  Keeping 
r e f u e l e r s  f i l l e d  wi th  f u e l  w i l l  a l s o  h e l p  reduce t h e  accumulation of wa te r  from 
condensation.  

c. A i r c r a f t  Fue l  Tanks. A i r c r a f t  f u e l  t anks  a r e  cons t ruc ted  wi th  sumps t o  
t r a p  water. S ince  i t  i s  p r a c t i c a l l y  imposs ib le  t o  d r a i n  a l l  water  from t h e  t anks  
through t h e  f u e l  l i n e s ,  t h e  f u e l  t ank  sumps should be r e g u l a r l y  d ra ined  i n  o r d e r  
t o  remove a l l  water from t h e  system. It may be necessary  t o  g e n t l y  rock t h e  wings 
of some a i r c r a f t  whi le  d r a i n i n g  t h e  sumps i n  o rder  t o  completely d r a i n  a l l  t h e  
water.  

(1 )  On c e r t a i n  t a i l w h e e l  type  a i r c r a f t ,  r a i s i n g  t h e  t a i l  t o  l e v e l  f l i g h t  
a t t i t u d e  may be necessa ry  t o  g e t  any wate r  i n  a tank t o  f low t o  t h e  g a s c o l a t o r  o r  
main f u e l  s t r a i n e r  s o  t h a t  it can be dra ined.  

( 2 )  I n  a i r c r a f t  con ta in ing  c r o s s f e e d  systems, t h e  c ross feed  system 
should be u t i l i z e d ,  and f u e l  should be passed o r  pumped through t h e  system and 
subsequent ly  d ra ined  t o  make s u r e  t h e  c r o s s f e e d  l i n e s  a r e  f r e e  of water.  I f  water 
t h a t  accumulates i n  t h e  c r o s s f e e d  system i s  l e f t  undrained,  i t  w i l l  f low through 
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t he  f u e l  l i n e s  t o  t h e  engine(s)  and may cause t h e  engine(s )  t o  l o s e  power o r  s top  
operating. 

(3)  On a i r c r a f t  having f u e l  tanks loca ted  i n  each wing, pos i t ion ing  of 
t he  f u e l  tank s e l e c t o r  valve t o  t he  "Both On" pos i t i on  may not adequately d ra in  
the  system because f u e l  w i l l  t ake  the  path of l e a s t  resis tance.  I n  t h i s  case,  t he  
f u e l  s e l e c t o r  va lve  should be posi t ioned a t  each respec t ive  tank i n  turn ,  and the 
sump should be checked f o r  water and drained of a l l  water a f t e r  each ind iv idua l  
tank se lec t ion .  

( 4 )  During p r e f l i g h t ,  a generous sample of gasol ine (10 ounces o r  more) 
should be drained i n t o  a t ransparent  container  from each of t h e  f u e l  sumps and 
from t h e  main f u e l  s t r a i n e r  or-  gascolator .  Visually check the  f u e l  sampie f o r  
water  and by t h e  c lean  and b r igh t  t e s t .  Remember br ight  i s  dry. For j e t  f u e l ,  
t h e  white  bucket o r  s t e e l  bucket t e s t  i s  appropr ia te  t o  check f u e l  f o r  water. 
Continue t o  d r a i n  f u e l  from the  contaminated sump u n t i l  c e r t a i n  t h e  system i s  
c l e a r  of a l l  water. The use of quick-drain valves i n  t he  sumps and gascola tors  
makes i t  e a s i e r  t o  keep tanks f r e e  of s i g n i f i c a n t  q u a n t i t i e s  of water. 

(5) A t  p o s t f l i g h t ,  completely f i l l  t he  f u e l  tanks t o  provide an  e f f e c t i v e  
method aga ins t  contamination from condensation. However, t h i s  procedure may be 
only p r a c t i c a l  on a few types of a i r c r a f t ,  s i nce  t h e  type of a i r c r a f t ,  l ength  of 
proposed f l i g h t ,  number of passengers,  and weight and balance l i m i t a t i o n s  d i c t a t e  
t h e  amount of f u e l  t o  be added. 

( 6 )  During rout ine  maintenance, i n  add i t i on  t o  the  p r e f l i g h t  and 
p o s t f l i g h t  procedures,  c e r t a i n  precautionary o r  rout ine  maintenance should be 
performed on a n  a i r c r a f t  including the inspect ion and cleaning of f u e l  tank o u t l e t  
f i n g e r  s t a i n e r s ,  carbure tor  screens ( f i l t e r s ) ,  and f lush ing  of t he  carbure tor  
bowl. 

8. REPORTED PROBLEM AREAS AND RELATED INFORMATION. 

a. A i rc ra f t  Fuel Tank C a ~ s .  

(1 )  Routine monitoring of t h e  FAA se rv i ce  d i f f i c u l t y  da t a  bank revealed 
continuing f a i l u r e s  of the  vented f u e l  tank caps i n s t a l l e d  on a i r c r a f t .  

( 2 )  Reported f a i l u r e  causes include warpage, cracks,  and obstructed 
vents.  Twenty f a i l u r e s  were reported a s  warped, broken, and leaking caps. 
A i r c r a f t  have encountered problems wi th  f u e l  siphoning from around the  f i l l e r  
caps and problems with f u e l  cap vents. 

(3)  A review of da ta  i n  t h e  FAA acc ident / inc ident  da t a  system revealed 
t h a t  some emergency landings were made i n  which the  f u e l  s torage  system was l i s t e d  
as a causa l  f ac to r .  I n  many of those emergency landings, vented fuel.  caps were 
l i s t e d  a s  a cause. The design of t he  vent opening allowed water t o  e n t e r  t he  f u e l  
tanks. New types of vented f u e l  capswere designed f o r  i n s t a l l a t i o n  by the  
a i r c r a f t  manufacturers t o  co r r ec t  t h i s  problem. Information about these  new 
design vented f u e l  caps can be found i n  the  Ai rc ra f t  Manufacturer's Service 
Bul le t ins .  
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b. Fuel Tank Drains. Many airplanes are equipped with fuel reservoirs 
(separate tanks) in addition to the wing fuel tanks. On these airplanes, the fuel 
reservoirs, as well as the wing fuel tanks, should be checked for contamination 
when water or other contaminants are found in the fuel system. Refer to the 
appropriate owner's manual for fuel reservoir location and proper draining 
procedures. Additionally, manufacturers' service information can be referenced 
for installation of fuel tank quick drain-kits. These kits are now available for 
airplanes built between 1946 and 1974. 

9. WATER CONTAMINATION. Normally, upon finding water contaminated fuel the 
procedures for removal of water outlined in this advisory circular should suffice. 
Should contamination persist or any doubt exists as to water contamination, the 
advice is to have the aircraft fuel system inspected by a qualified person. 

10. SUMMARY. The best insurance against a water-in-fuel problem, whether 
aviation gasoline or jet fuel, is a responsible fuel handling chain. The 
information and procedures outlined in this advisory circular as well as good 
inspection and housekeeping practices and constant vigilance should significantly 
reduce the possibility of an aircraft accident due to water-in-fuel contamination. 

William T. Brennan 
Acting Director of Flight Standards 
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